We tested the capacity of Ulva lactuca to mark N sources across large marine areas by measuring variation in its d 
N values was assessed also in the coastal waters off the Circeo Natural Park, where U. lactuca and C. amentacea were harvested, as these waters are barely influenced by human activities and were used as reference site. A small fragment from each frond was preserved before deployment in order to characterize the initial isotopic values. After 48 h of submersion, U. lactuca was more responsive than C. amentacea to environmental variation and 
Introduction
Marine coastal areas are among the most productive and exploited ecosystems on Earth and are consequently subject to multiple stressors. Over the last century, inputs of inorganic nutrients (particularly nitrogen) and organic matter, which commonly occur in combination with each other (McClanahan et al., 2005; Carreiro-Silva et al., 2009) , have become two of the most important stressors affecting aquatic systems, with direct or indirect effects on their chemical, physical, and biological properties (Cottingham, 1999; Gray et al., 2002; McClanahan et al., 2005; Crain et al., 2008; O'Gorman et al., 2012) . Inorganic nitrogen inputs mainly derive from agricultural runoff carrying fertilizer, while the organic inputs consist of dissolved and particulate forms of nitrogen associated with decomposing organisms and human and animal waste (McClanahan et al., 2005) . Agricultural runoff and untreated sewage increase the rate of primary production in marine coastal areas (Doering et al., 1995; Taylor et al., 1999; Bowen and Valiela, 2001) , which can lead to large blooms of phytoplankton and/or opportunistic macroalgae (Nixon and Buckley, 2002) , degrading seagrass and macroalgal communities, altering N cycling and reducing water quality.
Determining the origin, fate and distribution of anthropogenic discharges in the sea is crucial to assessment of the self-purification capacity of coastal zones and to water quality management. Standard analyses of coastal waters have been used systematically in monitoring programs to track nutrients in the water column and to monitor eutrophication. However, these methods can be ineffective when nutrient loads are rapidly diluted by hydrodynamic forces and/or removed by microbial and plant uptake. Furthermore, they are labour-intensive and expensive (Jones et al., 2001; Burford et al., 2003; Sarà et al., 2004) and cannot distinguish between different N sources. A variety of indicators/indices, such as vegetation abundance responses to nutrient load (Ballesteros et al., 2007; Krause-Jensen et al., 2008) , have also been developed to quantify the extent of pollution or eutrophication. However, these indices are unable to detect pollution in its early stages or pulsing sources of N after rapid dilution. In contrast, the stable nitrogen isotope ratio (d 15 N) is increasingly employed as a sensitive indicator of N sources in many ecosystems, and the biological characteristics of macroalgae, such as their fast growth and rapid turnover of nutrients in their tissues, make these organisms appropriate probes for detecting the origin of N pollutants by means of stable isotope analysis (SIA 
